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Liquid Crystal Display Module 

[0001] This application claims the benefit of Korean Patent 

Application No. P2003 - 15679 filed on March 13 , 2003, which is hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[00 02] The present invention relates to a liquid crystal display 

module, and more particularly to a liquid crystal display module 
that can be made lightweight with reduced light loss. 

Description of the Related Art 

[0003] Generally, a liquid crystal display (hereinafter, 

referred to as LCD) displays a desired picture on a screen by 
controlling the transmittance of the light supplied from a backlight 
unit by using a liquid crystal display panel including a plurality 
of liquid crystal cells arranged in a matrix and a plurality of 
control switches to switch video signals to be supplied to each 
of the liquid crystal cells. 

[0004] FIG. 1 is a perspective view representing a known liquid 

crystal display module. 
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[0005] Referring to FIG. 1, the liquid crystal display module 

includes a lamp 22 to generate light, a lamp housing 4 where the 
lamp 22 is equipped, a light guide panel 2 to convert an incident 
light from the lamp 22 into a surface light, optical sheets 8, 10, 
12 and 14 stuck to the light guide panel 2 to increase the efficiency 
of the light incident to a display panel , a reflective plate 6 stuck 
to the rear surface of the light guide panel 2 to reflect the light 
emitted through the rear surface of the light guide panel 2, and 
a liquid crystal display panel 20 to realize a picture in use of 
the light generated at the lamp 22. 

[0006] The lamp 22 is mainly a cold cathode fluorescent lamp. 

And the light generated at the lamp 22 is incident to the light 
guide panel 2 through the incident surface that exists at the side 
of the light guide panel 2. 

[0007] The lamp housing 4 is installed to have a reflective 

surface in the inner surface thereof in a manner of covering the 
lamp 22, so as to reflect the light from the lamp 22 to the incidence 
surface of the liquid guide panel 2 . 

[0008] The light guide panel 2 converts the incident light from 

the lamp 22 into the surface light. Such a light guide panel 2 has 
a sloped lower surface and a horizontal upper surface, which are 
perpendicular to each other. The lower surface of the light guide 
panel 2 has a reflective plate 6. The light guide panel 2 transmits 
the incident light from the lamp 22 towards the end opposing the 
end to which the lamp 22 is attached. The light guide panel 2 is 
made of polymethyl methacrylate (PMMA) , which has a good 
transmissivity and has high degree of strength, so that it is not 
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easily changed or broken. 

[0009] The light incident on the reflective plate 6 is reflected 

through the rear surface of the light guide panel 2 to the light 
guide panel 2, thereby reducing light loss. 

[0010] If the light from the lamp 22 is incident to the light 

guide panel 2, it is reflected at the lower surface, which is sloped 
at a specific tilt angle so the light progresses evenly toward the 
outgoing surface. The light, which progresses to the lower surface 
and the side surface of the light guide panel 2, is reflected to 
the reflective plate 6 to progress toward the outgoing surface. 
The light emitted through the outgoing surface of the light guide 
panel 2 is diffused to the whole area by the diffusion sheet 8. 
On the other hand, the light incident to the liquid crystal display 
panel 20 has the highest light efficiency when it is perpendicular. 
For this, two prism sheets 10 and 12 are stacked in order to make 
the progress angle of the light emitted from the light guide panel 
2, and the light is perpendicular to the liquid crystal display 
panel 2 . 

[0011] First and second prism sheets 10 and 12 are composed 

of a plurality of prism arrays with peaks and valleys . The two prism 
sheets 10, 12 concentrate the outgoing light from the diffusion 
sheet 8 in a direction perpendicular to the lower planar surface. 

[0012] A protective film 14 is used to protect the surface of 

the second prism sheet 12 , and diffuse the light to evenly distribute 
the light. 
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[0013] In this way, the light generated at the backlight unit 

is incident to the liquid crystal display panel 20. 

[0014] The liquid crystal display panel 20 is formed between 

an upper polarizer 18 and a lower polarizer 16 . It has liquid crystal 
cells arranged between upper and lower substrates 20A, 20B in an 
active matrix. And the liquid crystal display panel 20 has a thin 
film transistor installed at each of the liquid crystal cells to 
switch video signals. The refractive index of each liquid crystal 
cell is changed in accordance with the video signal, so a picture 
corresponding to the video signal is displayed. That is, the liquid 
crystal panel 20 displays a picture by selectively transmitting 
the light from the backlight unit by way of having liquid crystal 
driven by a voltage difference between a common electrode of the 
upper substrate 20A and the a pixel electrode of the lower substrate 
20B. 

[0015] The first and second prism sheets 10 and 12 anda diffusion 

sheet 8 among the optical sheets of the liquid crystal display module 
include a function layer where the optical sheet is actually 
functional (i.e. provides the functional features) , and a support 
layer which supports the function layer. For the diffusion sheet 
8 , a function layer of several tens fM and below which is a dispersion 
layer is located on a support layer of 100~220#m. For the first 
and second prism sheet 10 and 12, a prism pattern which is a function 
layer of several tens fm\ is located on a support layer of up to 100//m. 
There is a problem in that the overall thickness of the liquid crystal 
display module gets thicker due to the supporting layer. In order 
to solve such a problem, in the known liquid crystal display module, 
lightness and high brightness have been studied, especially the 
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lightness of backlight unit has been actively studied. 

[0016] For example, a liquid crystal display module has been 

suggested in which the light guide panel and the optical sheets 
are integrated as shown in FIG. 2, and a liquid crystal display 
module where the light guide panel and the optical sheets are removed 
as shown in FIG. 3. 

[0017] The liquid crystal display module shown in FIG. 2 forms 

optical sheets 30 on the light guide panel 2, thereby reducing the 
thickness of the backlight unit since it is not necessary to form 
a support layer for the optical sheets 3 0 . However, there is a problem 
in that light loss occurs when the outgoing light from the light 
guide panel 2 repeatedly passes through the optical sheets 30 and 
the polarizer 16 as shown in FIG. 2 . This is because a total reflection 
condition established by a gap between the light guide panel 2 and 
the optical sheets 30 can not be established between the light guide 
panel 2 and the other optical sheets 3 0 stuck thereto. 

[0018] The liquid crystal display module shown in FIG. 3 may 

reduce the thickness of the backlight unit by constituting a light 
guide panel with the lower substrate of the liquid crystal display 
panel without any separate light guide panel . However, in case that 
the light is incident from the lamp 22 that is located at one side 
of the lower substrate 20B, there is a problem in that light loss 
occurs when the light generated at the lamp 22 repeatedly passes 
through the optical sheets 26, the polarizer 16, lower patterns 

(thin film transistor, signal line and pixel electrode) formed on 
the polarizer 16 and upper patterns (common electrode, color filter 
and black matrix) formed on the upper substrate 20A. 
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SUMMARY OF THE INVENTION 



[0019] Accordingly, embodiments of the present invention 

provide a liquid crystal display module that can be made lightweight 
with reduced light loss. 

[0020] In order to achieve these and other advantages of the 

invention, a liquid crystal display module according to an aspect 
of the present invention includes a light source to generate light 
and a light guide panel through which the light from the light source 
propagates. The light guide panel has a first refractive index. 
A low refractive index layer is disposed on the light guide panel 
and has a second refractive index which is lower than the first 
refractive index. A transmissive liquid crystal display panel is 
disposed on an upper portion of the lower refractive layer. 

[0021] The light in the light guide panel maybe totally reflected 

at a border between the light guide panel and the low refractive 
index layer when the light in the light guide panel impinges on 
the border at an angle of: 90° - sin" 1 (1/ the first refractive index) 
> sin" 1 (the second refractive index/the first refractive index). 

[0022] The first and second refractive indices may be 1 . 7 and 

1.35, respectively . 

[0023] The liquid crystal display module may further comprise 

optical sheets disposed on the low refractive index layer and a 
polarizer disposed on the optical sheets to polarize light from 
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the optical sheets. 



[0024] The liquid crystal display panel may include a lower 

substrate disposed on the polarizer and an upper substrate facing 
the lower substrate with liquid crystal therebetween to selectively 
transmit the light through the liquid crystal by driving the liquid 
crystal or an upper substrate facing the polarizer with liquid crystal 
therebetween to selectively transmit the light through the liquid 
crystal by driving the liquid crystal and no substrate disposed 
between the liquid crystal and the light guide panel. 

[0025] The liquid crystal display module may further comprise 

a condenser disposed between the light source and the light guide 
panel . 

[0026] The light in the light guide panel then may be totally 

reflected at a border between the light guide panel and the low 
refractive index layer when the light in the light guide panel impinges 
on the border at an angle of: 90° - condensed degree by the condenser 
> sin' 1 (the second refractive index/the first refractive index). 

[0027] The first and second refractive indices may be 1.5 and 

1.35, respectively. 

[002 8] The low refractive index layer may be disposed on a first 

surface of the light guide panel and a second surface of the light 
guide panel that opposes the first surface may have a plurality 
of grooves to reflect light impinging on the grooves towards the 
transmissive liquid crystal display panel. 
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[0029] The liquid crystal display module may further comprise 

a reflective plate disposed below the light guide panel, the 
reflective plate reflecting light escaping from the light guide 
panel and traveling away from the low refractive index layer back 
towards the light guide panel and the low refractive index layer. 

[0030] A liquid crystal display module of another aspect 

comprises a light source to generate light, a light guide panel 
through which the light from the light source propagates, means 
for reflecting light in the light guide panel that impinges on a 
surface of the light guide panel at at least a critical angle and 
transmitting light in the light guide panel that impinges on the 
surface at less than the critical angle, the critical angle measured 
from a plane perpendicular to that formed by the surface, and a 
transmissive liquid crystal display panel disposed on the reflecting 
means . 

[0031] The critical angle may be defined by: 90° - sin* x (l/a 

first refractive index of the light guide panel) > sin" 1 (a refractive 
index of the reflecting means/the refractive index of the light 
guide panel) . 

[0032] The reflecting means may be disposed directly on the 

light guide panel. 

[0033] The liquid crystal display module may further comprise 

optical sheets disposed on the reflecting means and a polarizer 
disposed on the optical sheets to polarize light from the optical 
sheets . 
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[0034] The transmissive liquid crystal displaypanel may include 

a lower substrate disposed on the polarizer and an upper substrate 
facing the lower substrate with liquid crystal therebetween to 
selectively transmit the light through the liquid crystal by driving 
the liquid crystal or an upper substrate facing the polarizer with 
liquid crystal therebetween to selectively transmit the light 
through the liquid crystal by driving the liquid crystal and no 
substrate disposed between the liquid crystal and the light guide 
panel . 

[0035] The liquid crystal display module may further comprise 

a light source housing reflecting the light generated by the light 
source towards the light guide plate and a condenser disposed between 
the light source and the light guide panel, the condenser condensing 
the light generated by the light source and the light reflected 
by the light source housing into a smaller range of angles emitted 
into the light guide panel. 

[0036] The critical angle may be defined by: 90° - condensed 

degree by the condenser > sin" 1 (a refractive index of the reflecting 
means/a refractive index of the light guide panel) . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] These and other advantages of the invention will be 

apparent from the following detailed description of the embodiments 
of the present invention with reference to the accompanying drawings , 
in which: 

[0038] FIG. 1 is a perspective view representing a known liquid 
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crystal display module ; 



[0039] FIG. 2 is a sectional view representing a known liquid 

crystal display module which is integrated with a 1 ight guide panel , 
optical sheets and a polarizer. 

[0040] FIG. 3 is sectional view representing a known liquid 

crystal display module without a light guide panel. 

[0041] FIG. 4 is a sectional view representing a liquid crystal 

display module according to a first embodiment of the present 
invention; 

[0042] FIG. 5 is a sectional view representing a liquid crystal 

display module according to a second embodiment of the present 
invention; 

[0043] FIG. 6 is a sectional view representing a liquid crystal 

display module according to a third embodiment of the present 
invention; and 

[0044] FIG. 7 is a sectional view representing a liquid crystal 

display module according to a fourth embodiment of the present 
invention . 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0045] Reference will now be made in detail to the preferred 

embodiments of the present invention, examples of which are 
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illustrated in the accompanying drawings. 

[0046] With reference to FIGs . 4 to 7 , embodiments of the present 

invention will be explained as follows. 

[0047] FIG. 4 is a sectional view representing a liquid crystal 

display module according to a first embodiment of the present 
invention . 

[0048] Referring to FIG. 4, a liquid crystal display module 

according to a first embodiment of the present invention includes 
a backlight unit BL and a liquid crystal display panel LP located 
on the backlight unit BL. 

[004 9] The backlight unit BL includes a.lamp 72 generating light , 

a lamp housing 54 equipped with the lamp 72, a light guide panel 
52 to convert the light being incident from the lamp 72 into a surface 
light, a low refractive index layer 50 disposed on an upper surface 
of the light guide panel 52, optical sheets 60 disposed on the low 
refractive index layer 50 in order to increase the efficiency of 
the light incident on the liquid crystal display panel LP, and a 
reflective plate 56 disposed on a lower surface of the light guide 
panel 52 to reflect the light emitted to the lower surface, of the 
light guide panel 2 to a display panel. 

[0050] The low refractive index layer 50, the optical sheets 

60, a lower polarizer 66 and the light guide panel 52 of the backlight 
unit BL are integrated by use of an adhesive (not shown) 

[0051] The lamp 72 is mainly a cold cathode fluorescent lamp. 
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And the light generated at the lamp 72 is incident to the light 
guide panel 52 through the incident surface that exists at the side 
of the light guide panel 52. 

[0052] The lamp housing 54 is installed to have a reflective 

surface in the inner surface thereof to cover the lamp 72, so as 
to reflect the light from the lamp 72 to the incidence surface of 
the liquid guide panel 52. 

[0053] The light guide panel 52 converts the incident light 

from the lamp 72 into surface light which essentially reaches the 
end of the light guide panel 52 located opposite the lamp 72. Such 
a light guide panel 52 has an incidence surface and outgoing surface 
perpendicular to each other. A reflective plate 56 is installed 
to face the lower surface of the light guide panel 52. The light 
guide panel 52 is made of a material having a relatively high 
refractive index, which is a first refractive index nl . On the other 
hand, the light guide panel 52 has a sloped lower surface and a 
horizontal upper surface to increase the efficiency of light emitted. 
At least one of groove and protrusion patterns are formed on at 
least one of the lower surface and the upper surface. 

[0054] The low refractive index layer 50 is disposed on the 

light guide panel 52. The low refractive index layer 50 is formed 
from a material that has a relatively lower refractive index than 
the light guide panel 52, i.e., a second refractive index n2 that 
is lower than the first refractive index nl . The low refractive 
index layer 50 causes total reflection of the light incident on 
the border area with the light guide panel 52 so as to propagate 
the light throughout the light guide panel 52. 
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[0055] The reflective plate 56 reflects the light incident to 

itself through the lower surface of the light guide panel 52 again 
toward the light guide panel 52, thereby reducing light loss. If 
the light from the lamp 72 is incident to the light guide panel 
52, it is reflected at the specific tilt angle that the lower surface 
is sloped to evenly progress toward the upper surface. The light 
that progresses to the lower surface and side surface of the light 
guide panel 52 is reflected in the reflective plate 56 to progress 
toward the upper surface. 

[0056] The optical sheets 60 include the diffusion sheet, first 

and second prism sheet and a protective film which are sequentially 
located on the low refractive index layer 50. 

[0057] The diffusion sheet diffuses the light emitted through 

the light guide panel 52 and the low refractive index layer 50 to 
the entire area. The first and second prism sheets are composed 
of a plurality of prism stripes with peaks and valleys. The two 
prism sheets concentrate the outgoing light from the diffusion sheet 
in a direction perpendicular to the lower, planar surface to increase 
the light efficiency. For this, the two prism sheets are stacked 
in order to make the progress angle of the light emitted from the 
light guide panel 52, and the light is perpendicular to the liquid 
crystal display panel 52. The protective film is used to protect 
the surface of the second prism sheet, and diffuse the light to 
evenly distribute the light. 

[0058] The lower polarizer 66 polarizes the light diffused by 

the protective film, and the upper polarizer 68 polarizes the light 
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beam passing through the liquid crystal display panel LP. 

[0059] In this way, the light generated at the integrated 

backlight unit BL is incident to the liquid crystal display panel 
LP through the lower polarizer 66. 

[0060] The liquid crystal display panel LP includes an upper 

substrate 62 and the lower substrate 70, which are facing each other 
with liquid crystal 64 therebetween. A black matrix, a color filter 
and a common electrode (not shown) are formed on the upper substrate 
62. And, a thin film transistor and a pixel electrode (not shown) 
are formed on the lower substrate 70. The liquid crystal display 
panel LP has its liquid crystal 42 driven by the voltage difference 
between a common electrode of the upper substrate 62 and the pixel 
electrode of the lower substrate 70 so as to selectively reflect 
the light from the integrated backl ight unit BL, thereby displaying 
the picture. 

[0061] On the other hand, in order to totally reflect the light 

incident to the low refractive index layer 50 of the backlight unit 
BL according to the first embodiment of the present invention, Formula 
1 should be satisfied. In Formula 1, nl represents a high refractive 
index and n2 does a low refractive index. 

[Formula 1] 

90° - sin' 1 (1/nl) > sin" 1 (n2/nl) 

[0062] For example, when the first refractive index (nl) of 

the light guide panel 52 is 1.7 and the second refractive index 
(n2) of the low refractive index layer 50 is 1.35, 53° is the critical 
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angle that satisfies the total reflection condition at the border 
area between the light guide panel 52 and the low refractive index 
layer 50. That is, if the light emitted from the light guide panel 
52 and incident to the low refractive index layer 50 is located 
and its critical angle is in a range of 54-90° in relation to the 
horizontal direction, the entirety of the light is totally reflected 
at the border area between the light guide panel 52 and the low 
refractive layer 50. 

[0063] In this way, if the liquid crystal display module 

according to the first embodiment of the present invention satisfies 
Formula 1, the part of the incident light from the light guide panel 
is totally ref lectedat the low refractive index layer . Accordingly, 
the liquid crystal display module according to the first embodiment 
of the present invention can reduce light loss even though it has 
optical sheets formed on top of the low refractive index layer. 
Further, since the support layer of the optical sheets is not present , 
the liquid crystal display module can be reduced in weight and 
thickness . 

[0064] FIG. 5 is a sectional view representing a liquid crystal 

display module according to a second embodiment of the present 
invention . 

[0065] Referring to FIG. 5, the liquid crystal display module 

according to the second embodiment of the present invention, when 
compared with the liquid crystal display module shown in FIG. 4, 
has the lower substrate of the liquid crystal removed and has the 
same components except that a plural ity of optical sheets , a polarizer 
and a plurality of electrodes are formed on the light guide panel. 
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[0066] The light guide panel 52 is made of a material which 

has a relatively high refractive index, i.e. the first refractive 
index nl . The low refractive index layer 50 is made of a material 
which has a lower refractive index (n2) than the light guide panel 
52. The low refractive index layer 50 is disposed on the light guide 
panel 52. This low refractive index layer 50 causes the light to 
be totally reflected on the border area between the light guide 
panel 52 and the low refractive index layer 50 so as to propagate 
the light throughout the light guide panel 52. 

[0067] In order to totally reflect the light incident to the 

low refractive index layer 50 of the front light unit FL according 
to the second embodiment of the present invention, Formula 2 should 
be satisfied. 

[Formula 2] 

90° - sin" 1 (1/nl) > sin" 1 (n2/nl ) 

[0068] For example, when the first refractive index (nl) of 

the light guide panel 52 is 1.7 and the second refractive index 

(n2) of the low refractive index layer 50 is 1.35, 53° is the critical 
angle that satisfies the total reflection condition at the border 
area between the light guide panel 52 and the low refractive index 
layer 50. That is, if the incidence angle of the light emitted from 
the light guide panel 52 and incident to the low refractive index 
layer 50 is in a range of 54-90°, which is higher than the critical 
angle, in relation to the horizontal direction, the entirety of 
the light is totally reflected at the border area between the light 
guide panel 52 and the low refractive layer 50. 
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[0069] Optical sheets 60, a lower polar izer 66 and lower patterns 

82 are formed on the low refractive index layer 50. The optical 
sheets 60 include a diffusion sheet, first and second prism sheets 
and a protective film. The lower polarizer 66 polarizes the light 
emitted from the optical sheets . The lower patterns 82 include gate 
lines, data lines, thin film transistors andpixel electrodes located 
on the lower polarizer 66. The light guide panel 52 integrated with 
the lower polarizer 66 where the lower patterns 82 are formed are 
formed to face the upper substrate 62 where a black matrix, a color 
filter and a common electrode are formed with liquid crystal 64 
therebetween . 

[0070] In this way, the liquid crystal display device according 

to the second embodiment of the present invention, if Formula 2 
is satisfied, has the light incident to the light guide panel without 
light loss and emitted toward the upper substrate of the liquid 
crystal display panel throughout the light guide panel. Further, 
the liquid crystal display according to the second embodiment of 
the present invention has the lower patterns formed on the lower 
polarizer integrated with the light guide panel instead of the lower 
substrate where the lower patterns are normally formed. Accordingly, 
the lower substrate can be reduced in weight or thickness, thereby 
enabling it to be made light. 

[0071] FIG. 6 is a sectional view representing a liquid crystal 

display module according to a third embodiment of the present 
invention. 

[0072] Referring to FIG. 6, the liquid crystal display module 
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according to the third embodiment of the present invention, when 
compared with the liquid crystal display module shown in FIG . 4, 
has the same components except that a condensing device (condenser) 
is included in the incidence part of the light guide panel. 

[0073] The condensing device 80 is formed of a plurality of 

prism patterns between the lamp 72 and the light guide panel 52 
so as to reduce the light loss generated through an opening between 
the lamp 72 and the light guide panel 52. That is, the condensing 
device 80 condenses the light generated from the lamp 72 and the 
light reflected by the lamp housing 54. The condensed light is 
incident to the light guide panel 52 to be able to reduce the gap 
between the first refractive index (nl) of the light guide panel 
52 and the second refractive index (n2) of the low refractive index 
layer 50. Such a condensing device 80 has high degree of strength, 
so it is not easily changed or broken and is made of acryl resin, 
which has a good transitivity. For example, the condensing device 
80 is made of polymethyl methacrylate ( PMMA) . In case that the 
condensing device 80 is used, the light incident to the light guide 
panel 52 can be totally reflected when Formula 3 is satisfied. 

[Formula 3] 

90° - condensed degree by condensing device > sin _1 (n2/nl) 

[0074] For example, when the first refractive index (nl) is 

1.5 and the second refractive index (n2) is 1.35, the light incident 
to the light guide panel 52 located in a range of 64-90° in relation 
to the vertical direction is totally reflected at the border area 
between the light guide panel 52 and the low refractive layer 50. 
In this case, the condensing device 80 should condense light at 
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about 26 degrees and below in a horizontal direction in relation 
to the angle of light incident to the light guide panel 52. 

[0075] In this way, the liquid crystal display module according 

to the third embodiment of the present invention forms the low 
refractive index layer with low refractive index on the light guide 
panel with high refractive index. This causes the light incident 
on the light guide panel to be emitted toward the upper substrate 
and at the same time to be totally reflected and propagate to other 
areas of the light guide panel. Further, the optical sheets can 
be disposed on the light guide panel with the low refractive index 
layer therebetween, thus the thickness of the liquid crystal display 
module can be reduced. Further, the angle distribution of the light 
incident to the light guide panel is controlled by having the 
condensing device, thus it is possible to reduce the refractive 
index difference between the light guide panel of high refractive 
index and the low refractive index layer of low refractive index. 

[0076] FIG. 7 is a sectional view representing a liquid crystal 

display module according to a fourth embodiment of the present 
invention . 

[0077] Referring to FIG. 7, the liquid crystal display module 

according to the fourth embodiment of the present invention, when 
compared with the liquid crystal display module shown in FIG. 6, 
has the same components except that a plurality of optical sheets, 
a polarizer and a plurality of electrodes are formed on the light 
guide panel not in the lower substrate. 

[0078] In order to make the light totally reflected on the border 
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area between the low refract ive index layer 50 of the second refractive 
index (n2) and the light guide panel 52 of the first refractive 
index (nl) of the liquid crystal display module according to the 
fourth embodiment of the present invention, Formula 4 should be 
satisfied. 

[Formula 4] 

90° - condensed degree by condensing device > sin _1 (n2/nl) 

[0079] For example, when the first refractive index (nl) is 

1.5 and the second refractive index (n2) is 1.35, the light incident 
to the light guide panel 52 in a range of 64-90° in relation to the 
vertical direction is totally reflected at the border area between 
the light guide panel 52 and the low refractive layer 50. In this 
case, the condensing device 52 should condense light at about 26 
degrees and below in a horizontal direction in relation to the angle 
of light incident to the light guide panel 52. 

[0080] Optical sheets 60 , a lower polarizer 66 and lower patterns 

82 are formed on the low refractive index layer 50. The optical 
sheets 60 include a diffusion sheet, first and second prism sheets 
and a protective film. The lower polarizer 66 polarizes the light 
going out from the optical sheets 60 . The lower patterns 82 include 
gate lines, data lines, thin film transistors and pixel electrodes 
located on the lower polarizer 66. The light guide panel 52 
integrated with the lower polarizer 66 where the lower patterns 
82 are formed are formed to face the upper substrate 62 where a 
black matrix, a color filter and a common electrode are formed with 
liquid crystal 64 therebetween. 



- 20 - 



[0081] In this way, the liquid crystal display module according 

to the forth embodiment of the present invention forms the low 
refractive index layer with low refractive index on the light guide 
panel with high refractive index, thereby causing the light incident 
on the light guide panel to be emitted toward the upper substrate 
and at the same time to be totally reflected and propagate to other 
areas of the light guide panel . Further, the liquid crystal display 
device according to the fourth embodiment of the present invention 
forms the lower patterns in the lower polarizer which is integrated 
with the light guide panel instead of the lower substrate where 
the lower patterns are formed. Accordingly, the lower substrate 
can be reduced in weight and thickness, thereby making it light. 
In addition, the liquid crystal display module according to the 
fourth embodiment of the present invention includes the condensing 
device to control the angle distribution of the light incident to 
the light guide panel, thereby reducing the refractive index 
difference between the light guide panel of high refractive index 
and the low refractive index layer of low refractive index. 

[0082] As described above, the liquid crystal display module 

according to the present invention forms the low refractive index 
layer with low refractive index on the light guide panel with high 
refractive index, thereby causing the light incident to the light 
guide panel to be emitted toward the upper substrate and at the 
same time to be reflected and propagate to other areas of the light 
guide panel without light loss . Further, the liquid crystal display 
module according to the present invention can remove at least any 
one of the support layer of the optical sheets or the lower substrate 
of the liquid crystal display panel so as to reduce it in weight 
and thickness, thereby enabling the structure to be made light. 
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Further, the liquid crystal display module according to the present 
invention has the condensing device to control the angle distribution 
of the light incident to the light guide panel, thereby making it 
possible to reduce the refractive index difference between the light 
guide panel of high refractive index and the low refractive index 
layer of low refractive index. 

[0083] Although the present invention has been explained by 

the embodiments shown in the drawings described above, it should 
be understood to the ordinary skilled person in the art that the 
invention is not limited to the embodiments, but rather that various 
changes or modifications thereof are possible without departing 
from the spirit of the invention. Accordingly, the scope of the 
invention shall be determined only by the appended claims and their 
equivalents . 
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What is claimed is: 



1. A liquid crystal display module, comprising: 
a light source to generate light ; 

a light guide panel through which the light from the light 
source propagates, the light guide panel having a first refractive 
index ; 

a low refractive index layer disposed on the light guide panel , 
the low refractive index layer having a second refractive index 
which is lower than the first refractive index; and 

a transmissive liquid crystal display panel disposed on an 
upper portion of the lower refractive layer. 

2. The liquid crystal display module according to claim 
1, wherein the light in the light guide panel is totally reflected 
at a border between the light guide panel and the low refractive 
index layer when the light in the light guide panel impinges on 
the border at an angle of: 90° - sin" 1 (1/ the first refractive index) 
> sin 1 (the second refractive index/ the first refractive index). 

3. The liquid crystal display module according to claim 
1 , wherein the first refractive index is 1.7 and the second refractive 
index is 1.35. 

4. The liquid crystal display module according to claim 
1, further comprising: 

optical sheets disposed on the low refractive index layer ; 

and 

a polarizer disposed on the optical sheets to polarize light 
from the optical sheets. 
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5. The liquid crystal display module according to claim 
4, wherein the transmissive liquid crystal display panel includes: 

a lower substrate disposed on the polarizer; and 

an upper substrate facing the lower substrate with liquid 

crystal therebetween to selectively transmit the light through the 

liquid crystal by driving the liquid crystal. 

6. The liquid crystal display module according to claim 
4, wherein the transmissive liquid crystal display panel includes 
an upper substrate facing the polarizer with liquid crystal 
therebetween to selectively transmit the light through the liquid 
crystal by driving the liquid crystal, and no substrate is disposed 
between the liquid crystal and the light guide panel. 

7. The liquid crystal display module according to claim 
1, further comprising: 

a condenser disposed between the light source and the light 
guide panel . 

8. The liquid crystal display module according to claim 
7, wherein the light in the light guide panel is totally reflected 
at a border between the light guide panel and the low refractive 
index layer when the light in the light guide panel impinges on 
the border at an angle of: 90° - condensed degree by the condenser 
> sin 1 (the second refractive index/the first refractive index). 

9. The liquid crystal display module according to claim 
7 , wherein the first refractive index is 1.5 and the second refractive 
index is 1.35. 
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10. The liquid crystal display module according to claim 
7, further comprising: 

optical sheets disposed on the low refractive index layer; 

and 

a polarizer disposed on the optical sheets to polarize light 
from the optical sheets. 

11. The liquid crystal display module according to claim 
10, wherein the transmissive liquid crystal display panel includes: 

a lower substrate disposed on the polarizer; and 

an upper substrate facing the lower substrate with liquid 

crystal therebetween to selectively transmit the light through the 

liquid crystal by driving the liquid crystal. 

12. The liquid crystal display module according to claim 
10, wherein the transmissive liquid crystal display panel includes 
an upper substrate facing the polarizer with liquid crystal 
therebetween to selectively transmit the light through the liquid 
crystal by driving the liquid crystal, and no substrate is disposed 
between the liquid crystal and the light guide panel. 

13 . The liquid crystal display module according to claim 
1, wherein the low refractive index layer is disposed on a first 
surface of the light guide panel, and a second surface of the light 
guide panel that opposes the first surface has a plurality of grooves 
to reflect light impinging on the grooves towards the transmissive 
liquid crystal display panel . 

14 . The liquid crystal display module according to claim 
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1, further comprising a reflective plate disposed below the light 
guide panel, the reflective plate reflecting light escaping from 
the light guide panel and traveling away from the low refractive 
index layer back towards the light guide panel and the low refractive 
index layer . 

15. A liquid crystal display module, comprising: 
a light source to generate light; 

a light guide panel through which the light from the light 
source propagates ; 

means for reflecting light in the light guide panel that 
impinges on a surface of the light guide panel at at least a critical 
angle and transmitting light in the light guide panel that impinges 
on the surface at less than the critical angle, the critical angle 
measured from a plane perpendicular to that formed by the surface ; 
and 

a transmissive liquid crystal display panel disposed on the 
reflecting means. 

16. The liquid crystal display module according to claim 

15, wherein the critical angle is defined by: 90° - sin _1 (l/a first 
refractive index of the light guide panel ) > sin" 1 (a refractive index 
of the reflecting means/the refractive index of the light guide 
panel ) . 

17. The liquid crystal display module according to claim 

16, wherein the reflecting means is disposed directly on the light 
guide panel . 

18. The liquid crystal display module according to claim 
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15, further comprising: 

optical sheets disposed on the reflecting means; and 

a polarizer disposed on the optical sheets to polarize light 

from the optical sheets. 

19. The liquid crystal display module according to claim 
18, wherein the transmissive liquid crystal display panel includes: 

a lower substrate disposed on the polarizer; and 

an upper substrate facing the lower substrate with liquid 

crystal therebetween to selectively transmit the light through the 

liquid . crystal by driving the liquid crystal. 

20. The liquid crystal display module according to claim 
18, wherein the transmissive liquid crystal display panel includes 
an upper substrate facing the polarizer with liquid crystal 
therebetween to selectively transmit the light through the liquid 
crystal by driving the liquid crystal, and no substrate is disposed 
between the liquid crystal and the light guide panel. 

21. The liquid crystal display module according to claim 
20, wherein lower patterns are formed directly on the polarizer, 
the liquid crystal disposed between the lower patterns and the lower 
patterns . 

22. The liquid crystal display module according to claim 
15, further comprising: 

a light source housing reflecting the light generated by the 
light source towards the light guide plate; and 

a condenser disposed between the light source and the light 
guide panel, the condenser condensing the light generated by the 
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light source and the light reflected by the light source housing 
into a smaller range of angles emitted into the light guide panel. 

23. The liquid crystal display module according to claim 
22, wherein the critical angle is defined by: 90° - condensed degree 
by the condenser > sin 1 (a refractive index of the reflecting means/a 
refractive index of the light guide panel) . 

24. The liquid crystal display module according to claim 
15, further comprising: 

optical sheets disposed on the reflecting means; and 
a polarizer disposed on the optical sheets to polarize light 
from the optical sheets. 

25. The liquid crystal display module according to claim 
24, wherein the transmissive liquid crystal display panel includes: 

a lower substrate disposed on the polarizer; and 

an upper substrate facing the lower substrate with liquid 

crystal therebetween to selectively transmit the light through the 

liquid crystal by driving the liquid crystal. 

26. The liquid crystal display module according to claim 
24, wherein the transmissive liquid crystal display panel includes 
an upper substrate facing the polarizer with liquid crystal 
therebetween to selectively transmit the light through the liquid 
crystal by driving the liquid crystal, and no substrate is disposed 
between the liquid crystal and the light guide panel. 
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Abstract 



A liquid crystal display module includes a light source that generates 
light. A light guide panel has a first refractive index. Light from 
the light source propagates through the light guide panel. A low 
refractive index layer is disposed on the light guide panel and 
has a second refractive index which is lower than that of the light 
guide panel . A transmissive liquid crystal displaypanel is disposed 
on the upper part of the lower refractive layer. 
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ASSIGNMENT 

WHEREAS, Hyung Ki HONG, hereinafter called the "Assignor", has made the 
invention described in the United States patent application entitled LIQUID CRYSTAL 
DISPUW MODULE, executed by Assignor on the same date as this Assignment; 

WHEREAS, LG. PHILIPS LCD CO., LTD. a corporation organized and existing 
under the laws of Korea, having a place of business at 20, Yoido-dong, Youngdungpo- 
gu, Seoul, Republic of Korea, hereinafter called the "Assignee," desires to acquire the 
entire right, title and interest in and to the invention and the patent application identified 
above, and all patents which may be obtained for said invention ,as set forth below; 

NOW, THEREFORE, in exchange for valuable and legally sufficient 
consideration, the receipt of which by the Assignor from the Assignee is hereby 
acknowledged, the Assignor has sold, assigned and transferred, and by these presents 
does sell, assign and transfer to the Assignee, the entire right, title and interest for the 
United States, its territories and possessions, in and to the invention and the patent 
application identified above, and any patents that may issue for said invention in the 
United States; together with the entire right, title and interest in and to said invention 
and all patent applications and patents therefor in all countries foreign to the United 
States, including the full right to claim for any such application all benefits and priority 
rights under any applicable convention; together with the entire right, title and interest in 
and to all continuations, continuations-in-part, divisions, renewals, extensions or 
reissues of any of the patent applications and patents defined above; to have and to 
hold for the sole and exclusive use and benefit of the Assignee, its successors and 
assigns, to the full end of the term or terms for all such patents. 

The Assignor hereby covenants and agrees, for both the Assignor and the 
Assignor's legal representatives, that the Assignor will assist the Assignee in the 
prosecution of the patent application identified above; in the making and prosecution of 
any other patent applications that the Assignee may elect to make covering the 
invention identified above; in vesting in the Assignee like exclusive title in and to all such 
other patent applications and patents; and in the prosecution of any interference which 



may arise involving said invention, or any.such patent application or patent; and that the 
Assignor will execute and deliver to the Assignee any and all additional papers which 
may be requested by the Assignee to carry out the terms of this Assignment. 

The Commissioner of Patents and Trademarks is hereby authorized and 
requested to issue patents to the Assignee in accordance with the terms of this 
Assignment. 

IN TESTIMONY WHEREOF, the Assignor has executed this agreement. 
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Hyung Ki HONG 
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ATTACHMENT A 



Guy W. Shoup 26,805 

Gustavo Siller, Jr. 32,305 

Jasper W. Dockrey 33,868 

John C. Freeman 34,483 

William F. Prendergast 34,699 

Michael E. Milz 34,880 

John F. Nethery 42,928 

James A. Collins 43,557 

Anthony P. Curtis 46, 1 93 

Kader Gacem 52,474 

Sid Bennett 53,981 
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PRESS HARD. 

you are maif/iifl a copies. FOR PICKUP OR TRACKING CALL 1-800-222-181 1 WWW.usps.com 



M A I L STOP PATU'T A PPt irA7 .<■• . •/ 

v/» • 223 13-1 *5£ 





P.O. Box 1450 
Alexandria. VA 22313 

Please acknowledge receipt of the below-identified: Checks in the amount Of $878 and $40; 
Patent Application Transmittal Letter (1p. Filed in Dup.); Patent Application (30pp. 
of Specification including cover page and 7 sheets of Drawings); Assignment 
Recordation Form Cover Sheet (1p.); Executed Assignment (2pp.); Combined 
Declaration/Power of Attorney (4pp.); and PTO Reply Postcard 

BRINKS HOFER GILSON & LIONE Anthony P. Curtis, Ph.D., Reg. No 46 193 
Dated: December 29, 2003 
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V\§\^ hereby G&pfy that this correspondence is u 
^08Pft8i®™it n tne United States Postal Servii 

Sufficient postage, as first class mail in an 
envelope addressed to: 

Mail Stop MISSING PARTS 
Commissioner for Patents, 
P.O. Box 1450 
Alexandria, VA 22313-1450, on 




(Dcite'of 



Deposit) 



Anthony P. Curtis, Ph.D., Reg. No. 46,193 
Name of^Cpblic^rrt, Assignee or 
^(^eprese/rtatjve 

Signature 




Our File No. 12581-4134 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Hyung Ki Hong 
10/750,575 
December 29, 2003 



Serial No 
Filed: 
For: 



LIQUID CRYSTAL DISPLAY 
DEVICE 



Examiner: Not yet assigned 
Group Art Unit No. 2871 



DECLARATION OF ANTHONY P. CURTIS, Ph.D. 

Mail Stop MISSING PARTS 
Commissioner for Patents 
P. O. Box 1450 
Alexandria, VA 22313-1450 

The undersigned hereby states as follows: 

1 . The above-identified application was filed in the United States Patent 
and Trademark Office by the law firm of Brinks Hofer Gilson and Lione on December 
29, 2003. 

2. I have personal knowledge of the events herein. I was the attorney in 
charge of filing the application. I reviewed the application before filing and found 



there to be 30 pages (including the title page). Page 9 was present in the application 
at the time the application was filed. 

3. Attached hereto as Exhibits 1-4 in support of this declaration are a 
copy of the application, express mail receipt, a copy of the PTO Stamped Postcard 
confirming receipt of 30 pages (including title page) of the application, and the instant 



4. This declaration, accompanying petition and supporting materials are 
being timely filed (within 2 months) in response to the Notice of Omitted ltem(s) in a 
Nonprovisional Application dated October 1 5, 2004. 

5. I declare under penalty of perjury that the foregoing is true and correct 
to the best of my knowledge and belief. 



affidavit. 



Date 




ftnth6ny v P. purtis, Ph.D., Reg. No. 46,193 
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